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T h i s   i n v e n t i o n   r e l a t e s   to  new  m o l d i n g   c o m p o s i -  

t i o n s   b a s e d   on  a c e t a l   p o l y m e r s   h a v i n g   i m p r o v e d   t h e r m a l  

s t a b i l i t i e s   by  r e a s o n   of  a  c o n t e n t   of  c e r t a i n   s a l t s .  

M o l d i n g   c o m p o s i t i o n s   c o m p r i s i n g   a c e t a l   p o l y m e r s  

h a v e   b e e n   in  c o m m e r c i a l   use   f o r   many  y e a r s .   They  h a v e  

a p p l i c a t i o n   in  a  w ide   v a r i e t y   of  end  u s e s   e . g . , a u t o m o b i l e  

a p p l i c a t i o n s   s u c h   as  b u m p e r   e x t e n s i o n s   and  i n s t r u m e n t  

p a n e l s ,   p l u m b i n g   s u p p l i e s   s u c h   as  v a l v e s ,   s h o w e r   a s s e m b l i e s ,  

f l u s h   t a n k   c o m p o n e n t s ,   f a u c e t s   ( t a p s )   and  p i p e   f i t t i n g s ,  

t o o l   c o m p o n e n t s   s u c h   as  s c r e w   d r i v e r   a d o p t o r s ,   and  h o u s e -  

h o l d   and  p e r s o n a l   p r o d u c t s ,   s u c h   as  q u i c k   b o i l i n g   e l e c t r i c  

w a t e r   k e t t l e s ,   c l o t h e s   h a n g e r s   and  c o m b s .  

W h i l e   a c e t a l   p o l y m e r s   h a v e   a  h i g h l y   f a v o u r a b l e  

s p e c t r u m   of   p h y s i c a l   p r o p e r t i e s   w h i c h  a r e   r e s p o n s i b l e  

f o r   t h e i r   w i d e   c o m m e r c i a l   a c c e p t a n c e ,   s u c h   p o l y m e r s   t e n d  

to  d e g r a d e   when  s u b j e c t e d   to  e l e v a t e d   t e m p e r a t u r e s ,   e . g .  

o v e r   2 0 0 ° C .   V a r i o u s   e x p e d i e n t s   have   b e e n   p r o p o s e d   i n  

a t t e m p t s   to   m i n i m i z e   t h i s   p r o b l e m .   E x p e d i e n t s   p r o p o s e d  

in  t he   p r o d u c t   a r e a   i n c l u d e   the   a d d i t i o n   of  p h e n o l i c   a n t i -  

o x i d a n t s   as  d i s c l o s e d   in  U.S .   P a t e n t s   3 , 1 0 3 , 4 9 9   and  3 , 2 4 0 ,  

753  and  the   a d d i t i o n   of  a m i d i n e   c o m p o u n d s   a l o n e   or  i n  

c o n j u n c t i o n   w i t h   a m i n o   s u b s t i t u t e d   a m i d e s   as  t h e r m a l  

s t a b i l i z e r s   f o r   t h e   p o l y m e r   as  t a u g h t   by  U.S .   P a t e n t s  

3 , 3 1 3 , 7 6 7   and  3 , 3 1 4 , 9 1 8 .   E x p e d i e n t s   p r o p o s e d   in  the   n e w  

p r o c e s s   a r e a   i n c l u d e   v a r i o u s   t y p e s   of   h y d r o l y s i s   d e s i g n e d  

f o r   a c e t a l   c o p o l y m e r s   c o n t a i n i n g   c a r b o n   to  c a r b o n   b o n d s  

in  t h e   p o l y m e r   c h a i n . e . g .   o x y m e t h y l e n e  -   o x y e t h y l e n e  

c o p o l y m e r s ,   as  d i s c l o s e d ,   f o r   e x a m p l e   in  U.S .   P a t e n t s  

3 . 1 7 4 , 9 4 8 ;   3 , 2 1 9 , 6 2 3 ;   3 , 3 1 8 , 8 4 8 ;   and  3 , 4 1 8 , 2 8 0 ,   and  t h e  

e n d c a p p i n g   of  h e m i f o r m a l   g r o u p s   of  o x y m e t h y l e n e   h o m o p o l y -  

m e r s   by  a c y l a t i o n   or  e t h e r i f i c a t i o n ,   e . g .   as  d i s c l o s e d   i n  

U .S .   P a t e n t   3 , 1 7 0 , 8 9 6 .  



W h i l e   t he   f o r e g o i n g   e x p e d i e n t s   may  s o m e w h a t  

i m p r o v e   t he   t h e r m a l   s t a b i l i t y   of  a c e t a l   p o l y m e r s ,   an  e v e n  

g r e a t e r   d e g r e e   of  t h e r m a l   s t a b i l i t y   i s   d e s i r a b l e ,   e s p e c i a l l y  

i n   c e r t a i n   a p p l i c a t i o n s .   T h i s   i s   p a r t i c u l a r l y   t r u e   in  t h e  

c a s e   of   a c e t a l   p o l y m e r s   c o m p o u n d e d   w i t h   v a r i o u s   p i g m e n t  

c o l o r s   w h i c h   o f t e n   h a v e   t he   e f f e c t   of  s i g n i f i c a n t l y   d e c r e a s -  

i n g   t h e   t h e r m a l   s t a b i l i t y   of   t he   p o l y m e r .  

I t   i s   known  t h a t   r e l a t i v e l y   low  m o l e c u l a r   w e i g h t  

c o p o l y m e r   s a l t s   may  be  p r e p a r e d   by  a t   l e a s t   p a r t i a l l y  

n e u t r a l i z i n g   t he   c a r b o x y l   g r o u p s   of  a  low  m o l e c u l a r   w e i g h t  

c o p o l y m e r   of   an  a l p h a - o l e f i n   and  an  a l p h a ,   b e t a   e t h y l e n i c a l l y  

u n s a t u r a t e d   c a r b o x y l i c   a c i d .   T h e s e   c o p o l y m e r   s a l t s   a r e  

d i s c l o s e d   f o r   e x a m p l e   in   U . S .   P a t e n t s   4 , 3 8 1 , 3 7 6   and  4 , 9 1 2 ,  

0 4 0 .   They   a r e   s t a t e d   to  be  u s e f u l   as  l u b r i c a n t s   to  i m p r o v e  

t h e   f l o w   p r o p e r t i e s   and  make  i t   e a s i e r   to   p r o c e s s   v a r i o u s  

p o l y m e r s .   The  d i s c l o s u r e   of   t he   l a t t e r   p o l y m e r s   w h i c h  

c a n   be  l u b r i c a t e d   by  t he   c o p o l y m e r   s a l t s   d o e s   n o t   h o w e v e r  

i n c l u d e   a c e t a l   p o l y m e r s .  

I t   h a s   now  s u r p r i s i n g l y   b e e n   f o u n d   t h a t   t h e  

t h e r m a l   s t a b i l i t y   of   an  a c e t a l   p o l y m e r   i s   i m p r o v e d   b y  

b l e n d i n g   w i t h   the   a c e t a l   p o l y m e r   a  m i n o r   a m o u n t   of   a n  

i o n i c   s a l t   of   a  low  m o l e c u l a r   w e i g h t   c o p o l y m e r   of   a n  

a l p h a - o l e f i n   and  a l p h a ,  b e t a   e t h y l e n i c a l l y   u n s a t u r a t e d  

c a r b o x y l i c   a c i d .   The  b e n e f i c i a l   e f f e c t   of   t h e   c o p o l y m e r  

s a l t   in  i m p r o v i n g   t h e   t h e r m a l   s t a b i l i t y   o f   t h e   a c e t a l  

p c l y m e r   i s   p a r t i c u l a r l y   e v i d e n t   in   t he   c a s e   of   c o l o r e d  

a c e t a l   p o l y m e r   c o m p o s i t i o n s   c o n t a i n i n g   p i g m e n t s .  

The  a c e t a l   p o l y m e r   may  be  an  o x y m e t h y l e n e   h o m o -  

p c l y m e r ,   e . g .   a  h o m o p o l y m e r   of   f o r m a l d e h y d e   or   t r i o x a n e ,  

t h e   h e m i - f o r m a l   g r o u p s   of  w h i c h   have   b e e n   e n d c a p p e d   b y  

a c y l a t i o n   or   e t h e r i f i c a t i o n .   P r e f e r a b l y ,   h o w e v e r ,   t h e  

a c e t a l   p o l y m e r   i s   an  o x y m e t h y l e n e   c o p o l y m e r   p r e p a r e d   b y  

c c p o l y m e r i z i n g   t r i o x a n e   w i t h   0 .1   to  15  mo le   p e r c e n t   of  a  

c y c l i c   e t h e r   h a v i n g   a t   l e a s t   two  a d j a c e n t   c a r b o n   a t o m s .  

C c p o l y m e r s   of   t h i s   t y p e   a r e   d e s c r i b e d   in  U . S .   P a t e n t  

3 , 0 2 7 , 3 5 2 .   Such  p o l y m e r s   may  be  d e s c r i b e d   as  h a v i n g   a t  

l e a s t   one  c h a i n   c o n t a i n i n g   f rom  85  to   9 9 . 9   mole   p e r c e n t  

o x y m e t h y l e n e   (-OCH2)  u n i t s   i n t e r s p e r s e d   w i t h   f rom  0 . 4   t o  



15  m o l e   p e r c e n t   of  - O - R -   u n i t s   w h e r e i n   R  i s   a  d i v a l e n t  

r a d i c a l   c o n t a i n i n g   a t   l e a s t   two  c a r b o n   a t o m s   d i r e c t l y  

l i n k e d   to  e a c h   o t h e r   and  p o s i t i o n e d   in  the   c h a i n   b e t w e e n  

t he   two  v a l e n c e s ,   any  s u b s t i t u e n t   in  the   R  r a d i c a l   b e i n g  

i n e r t .   The  p r e f e r r e d   c o p o l y m e r s   a re   t h o s e   made  up  of   o x y -  

m e t h y l e n e   and  o x y e t h y l e n e   g r o u p s ,   such   as  c o p o l y m e r s   o f  

t r i o x a n e   w i t h   d i o x o l a n e   or  w i t h   e t h y l e n e   o x i d e .  

H igh   m o l e c u l a r   w e i g h t   a c e t a l   p o l y m e r s   may  b e  

p r e p a r e d   in   h i g h   y i e l d s   and  w i t h   r a p i d   r e a c t i o n   r a t e s   b y  

t h e   u s e   of  c a t a l y s t s   c o m p r i s i n g   b o r o n   f l u o r i d e   c o o r d i n a t e  

c o m p o u n d s   in  w h i c h   o x y g e n   or   s u l f u r   i s   t he   d o n o r   a tom,   a s  

d e s c r i b e d   in   U.S .   P a t e n t   2 , 9 8 6 , 5 0 6 .  

When  an  o x y m e t h y l e n e   c o p o l y m e r   i s   e m p l o y e d   c o n -  

t a i n i n g   c a r b o n - t o - c a r b o n   b o n d s   in   the   p o l y m e r   c h a i n ,   i t   i s  

p r e f e r a b l e   to  p r e s t a b i l i z e   t he   p o l y m e r   by  s u b j e c t i n g   i t   t o  

a  m e l t   h y d r o l y s i s   as  d e s c r i b e d   in   U.S .   P a t e n t s   3 , 3 1 8 , 8 4 8  

and  3 , 4 1 8 , 2 8 0   or  to  a  s o l u t i o n   h y d r o l y s i s   as  d e s c r i b e d   i n  

U . S .   P a t e n t s   3 , 1 7 4 , 9 4 8   and  3 , 2 1 9 , 6 2 3 .  

S u i t a b l e   i o n i c   c o p o l y m e r   s a l t s   w h i c h   a r e   to  b e  

b l e n d e d   w i t h   t he   a c e t a l   p o l y m e r s   in  a c c o r d a n c e   w i t h   t h i s  

i n v e n t i o n   a r e   d i s c l o s e d   in  U . S .   P a t e n t s   4 , 3 8 1 , 3 7 6   a n d  

4 , 4 1 2 , 0 4 0 .   Such  c o p o l y m e r   s a l t s   may  be  p r e p a r e d   by  a t  

l e a s t   p a r t i a l l y   n e u t r a l i z i n g   a  low  m o l e c u l a r   w e i g h t   c o p o l y -  

mer  a c i d   w h i c h   i s   a  c o p o l y m e r   o f   an  a l p h a - o l e f i n   and  a n  

a l p h a ,   b e t a   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y l i c   a c i d .  

The  l a t t e r   a c i d   can  be  a  m o n o c a r b o x y l i c   a c i d   or   h a v e   m o r e  

t h a n   one  c a r b o x y l i c   g r o u p   a t t a c h e d   to  i t .   The  n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   of  t h e   c o p o l y m e r   a c i d   i s   g e n e r a l l y  

f r o m   500  to   2 0 , 0 0 0 ,   p r e f e r a b l y   f r o m   1 , 0 0 0   to  1 5 , 0 0 0 ,   m o r e  

p r e f e r a b l y   f rom  1 , 0 0 0   to  6 , 0 0 0 ,   and  mos t   p r e f e r a b l y   f r o m  

1 , 0 0 0   to  3 , 5 0 0 .   The  a c i d   i s   n e u t r a l i z e d   w i t h   a t   l e a s t   o n e  

c a t i o n   f rom  the   g r o u p   c o n s i s t i n g   of   m e t a l l i c   c a t i o n s   h a v i n g  

a  v a l e n c e   of   1  to  3 .  



The  a l p h a , b e t a   e t h y l e n i c a l l y   u n s a t u r a t e d   c a r b o x y -  

l i c   a c i d s   w h i c h   can   be  c o p o l y m e r i z e d   w i t h   t he   a l p h a - o l e f i n  

p r e f e r a b l y   h a v e   3  to  8  c a r b o n   a t o m s .   E x a m p l e s   of   s u c h  

a c i d s   i n c l u d e   a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d ,   e t h a c r y l i c  

a c i d ,   i t a c o n i c   a c i d ,   m a l e i c   a c i d ,   f u m a r i c   a c i d   and  m o n o -  

e s t e r s   of   o t h e r   d i c a r b o x y l i c   a c i d s ,   s u c h   as  m e t h y l   h y d r o -  

gen   m a l e a t e ,   m e t h y l   h y d r o g e n   f u m a r a t e ,   e t h y l   h y d r o g e n  

f u m a r a t e ,   and  m a l e i c   a n h y d r i d e ,   w h i c h   b e h a v e s   l i k e   an  a c i d  

and   i s   c o n s i d e r e d   to  be  an  a c i d   in  t he   p r e s e n t   i n v e n t i o n .  

The  a l p h a - o l e f i n   i s   p r e f e r a b l y   e t h y l e n e .   T h e  

c o n c e n t r a t i o n   o f   t he   e t h y l e n e   in  the   c o p o l y m e r   i s   g e n e r a l l y  

a t   l e a s t   50  mol  p e r c e n t ,   and  p r e f e r a b l y   80  mol  p e r c e n t .  

A  p r e f e r r e d   c o p o l y m e r   a c i d   i s   a  c o p o l y m e r   o f  

e t h y l e n e   and  an  a l p h a , b e t a   e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o -  

c a r b o x y l i c   h a v i n g   3  to  6  c a r b o n   a t o m s .   A  m o s t   p r e f e r r e d  -  

a l p h a ,   b e t a   e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o - c a r b o x y l i c   i s  

a c r y l i c   a c i d .   The  e t h y l e n e   a c r y l i c   a c i d   c o p o l y m e r   g e n e r a l l y  

h a s   an  a c i d   n u m b e r   in  t he   r a n g e   f rom  1  to  180,   an  a c i d  

n u m b e r   f rom  40  to  160  b e i n g   p r e f e r r e d   and  an  a c i d   n u m b e r  

f r o m   40  to  120  b e i n g   m o s t   p r e f e r r e d .   The  a c i d   n u m b e r   i s  

d e t e r m i n e d   by  t h e   n u m b e r   of  m i l l i g r a m s   of  p o t a s s i u m  

h y d r o x i d e   n e c e s s a r y   to  n e u t r a l i z e   a  gram  of   a c i d .   T h e  

n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   i s   g e n e r a l l y   f rom  500  t o  

2 0 , 0 0 0 ,   p r e f e r a b l y   f rom  1 , 0 0 0   to  1 5 , 0 0 0   more  p r e f e r a b l y  

f r o m   1 , 0 0 0   to  6 , 0 0 0   and  m o s t   p r e f e r a b l y   f rom  1 , 0 0 0   t o  

3 , 5 0 0 .  

The  low  m o l e c u l a r   w e i g h t   c o p o l y m e r   a c i d s   u s e d  

to  make  t h e   c o p o l y m e r   s a l t s   f o r   use   in   t he   p r e s e n t   i n v e n -  

t i o n   can   be  p r e p a r e d   by  any  s u i t a b l e   p r o c e s s   known  in  t h e  

a r t .   An  e x a m p l e   of   a  s u i t a b l e   m e t h o d   i s   d e s c r i b e d   in  U . S .  

P a t e n t   3 , 6 5 8 , 7 4 1 .  

The  c o p o l y m e r   a c i d s   d e s i r a b l y   have   a  v i s c o s i t y  

n o t   e x c e e d i n g   1500  c e n t i p o i s e s   a t   140°  C . , p r e f e r a b l y  

b e t w e e n   100  to  1200  c e n t i p o i s e s   a t   1 4 0 ° C .   Of  s p e c i a l  

i n t e r e s t   a r e   t h e   h o m o g e n e o u s   c o p o l y m e r s   of   e t h y l e n e   a n d  

a c r y l i c   a c i d   c o n t a i n i n g   1%  to  20%  by  w e i g h t   a c r y l i c   a c i d  

in   t he   c o p o l y m e r ,   p r e f e r a b l y   3 .5%  to  1 2 % , c h a r a c t e r i z e d  



by  a  h a r d n e s s   ( 0 . 1   mm  p e n e t r a t i o n )   of  0 . 5   to  3 0 , p r e f e r a b l y  

1  to   12,  when  t e s t e d   a t   room  t e m p e r a t u r e   ( 7 7 ° F   or  2 5 ° C )  

w i t h   an  ASTM  n e e d l e   w i t h   a  l o a d   of  100  g r a m s   f o r   5  s e c o n d s .  

C a t i o n s   h a v i n g   v a l e n c e s   of  1  to  3  can  be  u s e d  

tc  n e u t r a l i z e   t he   c o p o l y m e r   a c i d .   P r e f e r a b l y ,   m e t a l l i c  

c a t i o n s   a r e   d e r i v e d   f rom  a  g r o u p   of  m e t a l s   w h i c h   can  b e  

c h o s e n   f rom  G r o u p s   I A , I I A ,   and  I I I A   and  t he   t r a n s i t i o n  

e l e m e n t s   of   t h e   P e r i o d i c   T a b l e   of  E l e m e n t s .   M e t a l   c a t i o n s  

w h i c h   a re   p r e f e r r e d   a r e   s o d i u m ,   p o t a s s i u m ,   m a g n e s i u m ,  

c a l c i u m ,   b a r i u m ,   z i n c ,   and  a l u m i n u m   c a t i o n s ,   c a l c i u m   c a t i o n s  

b e i n g   mos t   p r e f e r r e d .   C a t i o n   c o n t a i n i n g   m a t e r i a l s   u s e d  

tc  n e u t r a l i z e   t he   c o p o l y m e r s   can   be  m e t a l   s a l t s   i n c l u d i n g :  

a c e t a t e s ,   m e t h o x i d e s ,   o x y l a t e s ,   n i t r a t e s ,   c a r b o n a t e s   a n d  

b i c a r b o n a t e s   and  m e t a l   o x i d e s   and  m e t a l   h y d r o x i d e s .  

S p e c i f i c   c o m p o u n d s   w h i c h   may  be  u s e d   i n c l u d e   c a l c i u m  

h y d r o x i d e ,   c a l c i u m   a c e t a t e ,   m a g n e s i u m   o x i d e   and  z i n c  

a c e t a t e .   The  c o p o l y m e r   a c i d   can   be  n e u t r a l i z e d   up  to  1 0 0 % ;  

h o w e v e r ,   i t   i s   p r e f e r r e d   to  n e u t r a l i z e   t he   c o p o l y m e r   a c i d  

tc  f rom  15  to  60  p e r c e n t ,   and  more  p r e f e r a b l y   f rom  25  t o  

5C  p e r c e n t   n e u t r a l i z a t i o n   of   t h e   c a r b o x y l i c   a c i d   g r o u p s .  

P r e f e r r e d   c o p o l y m e r   s a l t s   f o r   use   in  t h i s  

i n v e n t i o n   a r e   c a l c i u m   s a l t s ,   s u c h   as  s a l t s   o b t a i n e d   b y  

n e u t r a l i z i n g   w i t h   c a l c i u m   h y d r o x i d e ,   f o r   e x a m p l e ,   25  t o  

60%,  e . g .   47%,  of   the   c a r b o x y l   g r o u p s   of  a  c o p o l y m e r   o f  

e t h y l e n e   and  5%  by  w e i g h t   of   a c r y l i c   a c i d   h a v i n g   a  n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   o f   a b o u t   1 3 0 0 ,   a  B r o o k f i e l d  

v i s c o s i t y   of   500  cps   a t   1 4 0 ° C ,   an  a c i d   n u m b e r   of  40  mg 
KOH/g,   a  h a r d n e s s   of  2 . 0   dmm  (ASTM  D-5)   and  a  d e n s i t y   o f  

0 . 9 3   g / c c   (ASTM  D - 1 5 0 5 ) .   O t h e r   c o p o l y m e r   s a l t s   w h i c h   m a y  
be  u s e d   a r e   o b t a i n e d   by  n e u t r a l i z i n g   w i t h   c a l c i u m   h y d r o x -  

i d e ,   f o r   e x a m p l e ,   10  to  30%  of   t he   c a r b o x y l   g r o u p s   of   a  

c c p o l y m e r   of   e t h y l e n e   and  8%  by  w e i g h t   of  a c r y l i c   a c i d  

h a v i n g   a  B r o o k f i e l d   v i s c o s i t y   of   650  cps   at   140°C ,   an  a c i d  

n u m b e r   of  80  mg  KOH/g,  a  h a r d n e s s   of  2 .0   dmm  and  a  d e n s i t y  

of   0 . 9 3   g / c c ;   or  by  n e u t r a l i z i n g   w i t h   c a l c i u m   h y d r o x i d e ,  



f o r   e x a m p l e ,  5   to  25%  of  t he   c a r b o x y l   g r o u p s   of   a  c o p o l y m e r  

o f   e t h y l e n e   and  15%  by  w e i g h t   of   a c r y l i c   a c i d   h a v i n g   a  

B r o o k f i e l d   v i s c o s i t y   of   650  cps   a t   1 4 0 ° C ,   an  a c i d   n u m b e r  

o f   120 ,   and  a  h a r d n e s s   of  1 1 . 5   dmm. 

In  p r e p a r i n g   the   a c e t a l   p o l y m e r   c o m p o s i t i o n s   o f  

t h i s   i n v e n t i o n ,   a  m i n o r   a m o u n t   of   t he   c o p o l y m e r   s a l t   i s  

b l e n d e d   w i t h   t he   a c e t a l   p o l y m e r .   The  b l e n d i n g   may  b e  

e f f e c t e d   in  a  c o n v e n t i o n a l   m a n n e r   t o g e t h e r   w i t h   o t h e r  

a d d i t i v e s   o r d i n a r i l y   u s e d   w i t h   t h e s e   p o l y m e r s .   P r e f e r a b l y ,  

t h e   c o p o l y m e r   s a l t   i s   u s e d   in  an  a m o u n t   of   0 . 0 5   to  1 0 . 0  

w t . % ,   m o s t   p r e f e r a b l y   0 .1   to  2 .0   w t . % ,   b a s e d   on  the   t o t a l  

c o m p o s i t i o n .  

The  a d d i t i o n   of  t he   f o r e g o i n g   c o p o l y m e r   s a l t s  

to   a c e t a l   p o l y m e r s   i s   p a r t i c u l a r l y   u s e f u l   in  t h e   c a s e   o f  

p i g m e n t e d   c o m p o s i t i o n s   w h i c h   g e n e r a l l y   p r e s e n t   g r e a t e r  

p r o b l e m s   of   t h e r m a l   i n s t a b i l i t y   t h a n   u n p i g m e n t e d   c o m p o s i -  

t i o n s .   The  p i g m e n t   may  be  of   any  t y p e   t h a t   i s   c o m p a t i b l e  

w i t h   a c e t a l   p o l y m e r s ,   e . g .   r e d   p i g m e n t s   s u c h   as  azo  d y e  

r e d s   and  cadmium  s u l f i d e - c a d m i u m   s e l e n i d e   r e d s   a n d  

" M e r c a d i u m "   r e d s ,   b l u e   p i g m e n t s   s u c h   as  p h t h a l o c y a n i n e  

b l u e s ,   g r e e n   p i g m e n t s   s u c h   as  c h r o m i u m   o x i d e   g r e e n s ,   w h i t e  

p i g m e n t s   such   as  t i t a n i u m   d i o x i d e   w h i t e s ,   and  b l a c k  

p i g m e n t s   s u c h   as  c a r b o n   b l a c k s .   M i x t u r e s   of   v a r i o u s  

p i g m e n t s   may  be  u s e d .   C o l o r e d   a c e t a l   p o l y m e r   c o m p o s i t i o n s  

c o n t a i n   a  m i n o r   a m o u n t , g e n e r a l l y   0 . 0 1   to  5  w t .%  of  p i g m e n t  

b a s e d   on  the   w e i g h t   of   t he   c o m p o s i t i o n .  

V a r i o u s   o t h e r   a d d i t i v e s   may  a l s o   be  a d d e d   t o  

t h e   a c e t a l   p o l y m e r   c o m p o s i t i o n s   f o r   d i f f e r e n t   p u r p o s e s  

as  i s   w e l l   known  in  t he   a r t ,   i n c l u d i n g   b i s p h e n o l - t y p e ,  

e s t e r - t y p e   or  h i n d e r e d   p h e n o l - t y p e   a n t i - o x i d a n t s , a m i d i n e  

s t a b i l i z e r s   w h i c h   p r o b a b l y   a c t   as  a c i d / f o r m a l d e h y d e  

s c a v e n g e r s ,   n u c l e a n t s ,   UV  s c r e e n s   and  a b s o r b e r s ,   p o l y a m i d e s ,  

m e t a l   s o a p s ,   r e i n f o r c e r s   and  f i l l e r s   s u c h   as  g l a s s ,   t a l c ,  

w h i t e   m i c a   and  g o l d   m i c a ,   and  p o l y m e r   s u b s t a n c e s   such   a s  

p o l y u r e t h a n e s ,   EVA,  r u b b e r s   and  t h e r m o p l a s t i c   r e s i n s .  



The  u se   o f   t h e   c o p o l y m e r   s a l t s   in  a c c o r d a n c e   w i t h  

t h e   i n v e n t i o n   r e s u l t s   in  a  p a r t i c u l a r l y   m a r k e d   i m p r o v e m e n t  

in  t h e   t h e r m a l   s t a b i l i t y   of  a c e t a l   p o l y m e r s   when  u s e d   i n  

c o n j u n c t i o n   w i t h   a  p h e n o l i c   a n t i - o x i d a n t   and  p r e f e r a b l y  

a l s o   an  a m i d i n e   s t a b i l i z e r .   S u i t a b l e   p h e n o l i c   a n t i - o x i d a n t s  

a r e   d i s c l o s e d ,   f o r   e x a m p l e ,   in  U .S .   P a t e n t s   3 , 1 0 3 , 4 9 9   a n d  

3 , 2 4 0 , 7 5 3 .   A  p a r t i c u l a r l y   e f f e c t i v e   g r o u p   of  p h e n o l i c  

a n t i - o x i d a n t s   c o m p r i s e s   t h o s e   c o n t a i n i n g   two  p h e n o l i c   g r o u p s  

e a c h   w i t h   up  to  two  a l k y l   s u b s t i t u e n t s   on  t he   b e n z e n e   r i n g ,  

e a c h   a l k y l   s u b s t i t u e n t   c o n t a i n i n g   1  to  4  c a r b o n   a t o m s ; t h e s e  

i n c l u d e   b i s - p h e n o l i c   d i e s t e r s   s u c h   as  t h e   d i e s t e r   of  h e x -  

a n e d i o l - 1 , 6   and  3 - ( 3 ' , 5 ' - d i - t e r t - b u t y l - 4 - h y d r o x y )   p h e n y l -  

p r o p i o n i c   a c i d   and  a l k y l e n e   b i s p h e n o l s   s u c h   as  2 , 2 ' - m e t h y -  

l e n e   b i s - ( 4 - m e t h y l - 6 - t e r t i a r y   b u t y l   p h e n o l ) , 2 , 2 ' - e t h y l e n e  

b i s - ( 4 - m e t h y l - 6 - t e r t i a r y   b u t y l   p h e n o l ) ,   4 , 4 ' - e t h y l i d e n e  

b i s -   ( 6 - t e r t i a r y   b u t y l - 3 - m e t h y l   p h e n o l )   and  4 , 4 ' - b u t y l i d e n e  

b i s   - ( 6 - t e r t i a r y   b u t y l - 3 - m e t h y l   p h e n o l ) .   S u i t a b l e   p h e n o l i c  

s t a b i l i z e r s   o t h e r   t h a n   a l k y l e n e   b i s - p h e n o l s   i n c l u d e   2 , 6 -  

d i = e r t i a r y   b u t y l - 4 - m e t h y l   p h e n o l ,   o c t y l - p h e n o l   and  p - p h e n y l  

p h e n o l .   The  p h e n o l i c   a n t i - o x i d a n t   i s   g e n e r a l l y   u s e d   in  a n  

a m o u n t   n o t   e x c e e d i n g   5  w t .%,   p r e f e r a b l y   f rom  0 .1   to  1 . 0   w t  

%,  and  m o s t   p r e f e r a b l y   f rom  0 .3   to  1 . 0   wt .%  of  the   c o m p o s i -  

t i o n .  

As  s t a t e d   a b o v e ,   an  a m i d i n e   s t a b i l i z e r   i s   p r e -  

f e r a b l y   a l s o   e m p l o y e d   in   the   c o m p o s i t i o n .   S u i t a b l e   a m i d i n e  

c o m p o u n d s   i n c l u d e   t h e   c y a n o - g u a n i d i n e   c o m p o u n d s   i n c l u d i n g  

c y a n o g u a n i d i n e ,   i t s e l f   and  o t h e r   c o m p o u n d s   i n c l u d i n g   t h o s e  

c o n t a i n i n g   the   d i v a l e n t   1 - c y a n o - 3 ,   3  g u a n i d i n e   r a d i c a l  

s u c h   as  1 - c y a n o - 3 - m e t h y l   g u a n i d i n e ,   1 - c y a n o - 3 - e t h y l   g u a n i d i n e ,  

1 - c y a n o - 3 - i s o p r o p y l   g u a n i d i n e ,   1  c y a n o - 3 , 3 - d i p h e n y l   g u a n i d i n e ,  

1 - c y a n o - 3 - h y d r o x y m e t h y l   g u a n i d i n e ,   1 - c y a n o - 3 - d o d e c y l   g u a n i -  

d i n e ,   1 - c y a n o - 3   ( 2 - h y d r o x y e t h y l )   g u a n i d i n e ,   1 - c y a n o - 3 - ( 2 -  

b r o m o e t h y l )   g u a n i d i n e , l - c y a n o - 3 - ( m - c h l o r o p h e n y l )   g u a n i d i n e  

and  1 , 3 - d i c y a n o g u a n i d i n e .  



Amine  s u b s t i t u t e d   t r i a z i n e s   c o n s t i t u t e   a n o t h e r  

s u i t a b l e   c l a s s   of   a m i d i n e   c o m p o u n d s .   The  p r e f e r r e d   c o m -  

p o u n d s   of  t h i s   c l a s s   a r e   a m i n e   s u b s t i t u t e d   d e r i v a t i v e s   o f  

s y m m e t r i c a l   t r i a z i n e s ,   i n c l u d i n g   g u a n a m i n e s   ( 2 , 4 - d i a m i n o -  

s y m . - t r i a z i n e s ) ,   m e l a m i n e   ( 2 , 4 , 6 - t r i a m i n o - s y m . - t r i a z i n e ) ,  

and  s u b s t i t u t e d   m e l a m i n e s .   The  a m i n o   g r o u p s   may  be  p r i m a r y ,  

s e c o n d a r y ,   or   t e r t i a r y   and  o t h e r   s u b s t i t u e n t s   s u c h   a s  

h y c r o x y l   s u b s t i t u e n t s   may  be  p r e s e n t .   Of  c o u r s e ,   the   a m i n o  

g r o u p s   and  o t h e r   s u b s t i t u e n t s   m u s t   be  t h o s e   w h i c h   a re   i n e r t ,  

i . e .   w i l l   n o t   i n d u c e   u n d e s i r a b l e   r e a c t i o n s .   Among  t h e  

s p e c i f i c   c o m p o u n d s   w h i c h   a r e   s u i t a b l e   a r e   2 , 4 - d i a m i n o - 6 -  

p h e n y l - s y m . - t r i a z i n e ;   ( b e n z o g u a n a m i n e ) ;   2 , 4 - d i a m i n o - 6 - m e t h y l -  

s y m . - t r i a z i n e ; 2 , 4 - d i a m i n o - 6 - b u t y l - s y m . - t r i a z i n e ; 2 , 4 - d i a m i n o -  

6 - b e n z y l o x y   s y m . t r i a z i n e ;   2 , 4 - d i a m i n o - 6 - b u t o x y - s y m . - t r i a z i n e ;  

2 , 4 - d i a m i n o - 6 - c y c l o h e x y l o x y - s y m . - t r i a z i n e ; 2 , 4 - d i a m i n o - 6 -  

c h l o r o - s y m . - t r i a z i n e ; 2 , 4 - d i a m i n o - 6 - m e r c a p t o - s y m . - t r i a z i n e ;  

2 , 4 - d i h y d r o x y - 6 - a m i n o - s y m . - t r i a z i n e   ( a m m e l i d e ) ; 2 - h y d r o x y  

4 , 6 - d i a m i n o   sym.  t r i a z i n e   ( a m m e l i n e ) ;   N , N , N ' N ' - t e t r a c y a n o -  

e t h y l   b e n z o q u a n a m i n e ;   2 , 4 , 6 - t r i a m i n o   s y m . - t r i a z i n e   ( m e l a m i n e ) ;  

p h e n y l   m e l a m i n e ;   b u t y l   m e l a m i n e ; N , N - d i e t h y l   m e l a m i n e ;   N , N - d i -  

(2  h y d r o x y e t h y l )   m e l a m i n e ; N , N - d i p h e n y l   m e l a m i n e ;   N , N - d i a l l y l  

m e l a m i n e ; N , N ' N "   - t r i m e t h y l   m e l a m i n e ;   N , N ' N " - t r i e t h y l   m e l a m i n e ;  

N , N ' N " - t r i ( n - p r o p y l )   m e l a m i n e ;   N , N ' N " - t r i - ( n - b u t y l )   m e l a m i n e ;  

N , N , N ' N " - t e t r a m e t h y l   m e l a m i n e ;   t r i m e t h y l o l   m e l a m i n e ; t r i -  

m e t h o x y m e t h y l   m e l a m i n e ;   h e x a m e t h o x y m e t h y l   m e l a m i n e ;   N , N ' N " -  

t r i p h e n y l   m e l a m i n e ;   and  N , N ' N " -   t r i m e t h y l o l m e l a m i n e .  

O t h e r   s u i t a b l e   a m i d i n e   c o m p o u n d s   a r e   d i s c l o s e d ,  

f o r   e x a m p l e ,   in  U .S .   P a t e n t   3 , 3 1 3 , 7 6 7 .  

The  a m i d i n e   c o m p o u n d s   a r e   g e n e r a l l y   a d m i x e d   w i t h  

a c e t a l   p o l y m e r   in  a m o u n t s   n o t   e x c e e d i n g   5%  b a s e d   on  t h e  

w e i g h t   of   t he   c o m p o s i t i o n ,   p r e f e r a b l y   in  a m o u n t s   f rom  0 . 0 1  

to  1 . 0   w t .%  and  mos t   p r e f e r a b l y   0 . 0 3   to  0 . 2   w t . % .  



The  a c e t a l   p o l y m e r   may  be  b l e n d e d   w i t h   t he   v a r i o u s  

a d d i t i v e s   d i s c u s s e d   p r e v i o u s l y   u s i n g   c o n v e n t i o n a l   b l e n d i n g  

or   m i x i n g   e q u i p m e n t   and  p r o c e d u r e s .   T h u s ,   the   a c e t a l   p o l y m e r  

and  a d d i t i v e s   may  be  b l e n d e d   in  any  c o n v e n i e n t   s e q u e n c e  

u s i n g ,   f o r   e x a m p l e ,   c o n v e n t i o n a l   m i l l s   s u c h   as  r u b b e r   m i l l s ,  

m i x e r s   and  b l e n d e r s   such   as  H e n s c h e l   m i x e r s   and  t u m b l e  

b l e n d e r s  a n d   e x t r u d e r s   s u c h   as  s i n g l e   s c r e w ,   b i a x i a l   a n d  

B r a b e n d e r   e x t r u d e r s .   In  m o s t   c a s e s ,   t he   c o m p o n e n t s   a r e  

f i r s t   d r y - m i x e d ,   e . g .   in  a  t u m b l e   or  H e n s c h e l   b l e n d e r ,  

f o l l o w e d   by  m e l t   b l e n d i n g ,   e . g .   in   an  e x t r u d e r   a t   a  t e m p e r a -  

t u r e   of   170  to   215°C  and  a  b l e n d i n g   t i m e   of   1  to  3  m i n u t e s .  

Some  of   t he   a d d i t i v e s   may  be  a d d e d   to  f i n e l y  

d i v i d e d   a c e t a l   p o l y m e r   in  t he   f o r m   of  a  s o l u t i o n   in  a n  

a p p r o p r i a t e   s o l v e n t   b e f o r e   t he   f i n a l   s t e p   of   i n t i m a t e  

m i x i n g .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  t he   f o l l o w i n g  

E x a m p l e s .   E x a m p l e   1-8   a re   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,  

w h i l e   C o n t r o l   E x a m p l e s   A-E  a r e   o u t s i d e   t h e   i n v e n t i o n   a n d  

a r e   p r o v i d e d   f o r   c o m p a r a t i v e   p u r p o s e s .  

C o n t r o l   E x a m p l e   A  and  E x a m p l e   1  a r e   i n t e n d e d   t o  

i l l u s t r a t e   t h e   e f f e c t   of  t h i s   i n v e n t i o n   in  i m p r o v i n g   t h e  

t h e r m a l   s t a b i l i t y   of  n a t u r a l   ( i . e   u n c o l o r e d )   a c e t a l   p o l y m e r  

m o l d i n g   c o m p o s i t i o n s .  

C o n t r o l   E x a m p l e   A 

An  a c e t a l   c o p o l y m e r   c o n t a i n i n g   o x y m e t h y l e n e   a n d  

r a n d o m l y   d i s t r i b u t e d   o x y e t h y l e n e   u n i t s   in   t he   p o l y m e r   c h a i n  

was  p r e p a r e d   by  c o p o l y m e r i z i n g   t r i o x a n e   and  a b o u t   2  wt .%  o f  

e t h y l e n e   o x i d e   as  d i s c l o s e d   in  U . S .   P a t e n t   2 , 9 8 6 , 5 0 6 .   A 

b l e n d   was  p r e p a r e d   of  50%  of  t h i s   c o p o l y m e r   m e l t   h y d r o l y z e d  

as  d i s c l o s e d   in   U .S .   P a t e n t   3 , 4 1 8 , 2 8 0   and  50%  of   s u c h  

c o p o l y m e r   s o l u t i o n   h y d r o l y z e d   as  d i s c l o s e d   in  U .S .   P a t e n t  

3 , 1 7 4 , 9 4 8 .   The  r e s u l t i n g   a c e t a l   p o l y m e r   ( w h i c h   had  a  n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   of  3 8 , 0 0 0   and  a  m e l t   i n d e x   o f  

a b o u t   9)  was  d r y   m i x e d   w i t h   0 . 2 5   wt .%  of  a  n u c l e a n t  

c o n s i s t i n g   o f   t h e   d i g l y c i d y l   e t h e r   of  b u t a n e d i o l - 1 , 4 , 0 . 5 0  
w t . %   of   an  a n t i - o x i d e n t   c o n s i s t i n g   of   t h e   d i e s t e r   o f  



h e x a n e d i o l - 1 , 6   and  3 - ( 3 ' , 5 ' - d i - t e r t - b u t y l - 4 ' - h y d r o x y )  

p h e n y l p r o p i o n i c   a c i d   s o l d   as  " I r g a n o x   259"  by  C i b a   G i e g y  

C o r p . ,   0 . 2 5   w t .%  of   m e l a m i n e   as  an  a m i d i n e   s t a b i l i z e r , 0 . 3 5  

w t . %   of   a  UV  l i g h t   a b s o r b e r   c o n s i s t i n g   of   2  h y d r o x y - 4 - n -  

o c t o x y b e n z o p h e n o n e   s o l d   as  " C y a s o r b   UV-531"   by  A m e r i c a n  

C y a n a m i d   C o . ,   and  0 . 1 5   w t .%  of   a  r a d i c a l   s c a v e n g e r   and  UV 

l i g h t   s t a b i l i z e r   c o n s i s t i n g   of   b i s -   ( 1 , 2 , 2 , 6 , 6 - p e n t a m e t h y l -  

4-   p i p e r i d i n y l )   ( 3 , 5 - d i - t e r t - b u t y l - 4 - h y d r o x y b e n z y l ) b u t y l -  

p r o p a n e d i o a t e   s o l d   as  " T i n u v i n   144"  by  C i b a - G e i g y   C o r p . ,  

0 . 2 0   w t . %   of   a  l u b r i c a n t   c o n s i s t i n g   of   t he   d i a m i d e   o f  

e t h y l e n e   d i a m i n e   and  s t e a r i c   a c i d   s o l d   as  " A c r a w a x   C"  b y  

G l y c o   C h e m i c a l s ,   I n c . ,   t he   r e m a i n d e r   b e i n g   t h e   a c e t a l   c o -  

p o l y m e r .   A l l   w e i g h t   p e r c e n t a g e s   w e r e   b a s e d   on  t he   t o t a l  

c o m p o s i t i o n .   The  dry  b l e n d e d   c o m p o s i t i o n   was  t h e n   m e l t  

b l e n d e d   by  w o r k i n g   i t   t h r o u g h   a  s c r e w   e x t r u d e r   a t   a b o u t  

1 9 0 ° C   w i t h   an  e x t r u s i o n   r e s i d e n c e   t i m e   of   a b o u t   one  m i n u t e .  

The  t h e r m a l   d e g r a d a t i o n   r a t e  ( K d   230)   of   t h e   c o m p o s i t i o n  

was   0 . 0 2 8   w t . % / m i n .   The  t h e r m a l   s t a b i l i t i e s   of  t h i s   a n d  

t h e   o t h e r   c o m p o s i t i o n s   of   t he   d i s c l o s u r e   a r e   i n d i c a t e d   b y  

t h e   t h e r m a l   d e g r a d a t i o n   r a t e   d e t e r m i n e d   by  p l a c i n g   a  

s a m p l e   o f   t h e  c o m p o s i t i o n   in  an  open   v e s s e l   in  a  r e c i r c u -  

l a t i n g   a i r   oven   a t   a  t e m p e r a t u r e   of   2 3 0 ° C  i   0 . 2 5 ° C   f o r   a  

p e r i o d   o f   45  m i n u t e s   ±  10  s e c o n d s   and  m e a s u r i n g   i t s   w e i g h t  

l o s s .   The  t h e r m a l   d e g r a d a t i o n   r a t e   in  w t . % / m i n .   i s   t h e n  

d e t e r m i n e d   by  d i v i d i n g   the   t o t a l   wt%  l o s s   by  45.  " I r g a n o x " ,  

" C y a s o r b " ,   " T i n u v i n "   and  " A c r a w a x "   a r e   T r a d e   M a r k s .  

E x a m p l e   1 

The  a c e t a l   c o p o l y m e r   c o m p o s i t i o n   of   C o n t r o l  

E x a m p l e   A  was  d ry   b l e n d e d   w i t h   0 .1   wt .%  b a s e d   on  t h e  

c o m p o s i t i o n   of  a  c o p o l y m e r   s o l d   as  "A-C  201A"  by  A l l i e d  

C h e m i c a l   C o r p .   and  p r e p a r e d   as  d e s c r i b e d   in  U.S .   P a t e n t  

4 . 3 8 1 , 3 7 6   by  n e u t r a l i z i n g   w i t h   c a l c i u m   h y d r o x i d e   47%  o f  

t h e   c a r b o x y l   g r o u p s   of  a  c o p o l y m e r   of  e t h y l e n e   and  5%  b y  



w e i g h t   of  a c r y l i c   a c i d   h a v i n g   a  n u m b e r   a v e r a g e   m o l e c u l a r  

w e i g h t   of  1300 ,   a  B r o o k f i e l d   v i s c o s i t y   of   500  cps   a t   1 4 0 °  

C,  an  a c i d   n u m b e r   of   40  m g . K O H / g ,   a  h a r d n e s s   of   2 . 0   dmm 

(ASTM  D-5)   and  a  d e n s i t y   of   0 . 9 3   g / c c   (ASTM  D - 1 5 0 5 ) .   T h e  

c o m p o s i t i o n   was  t h e n   r e - e x t r u d e d   at   a b o u t   1 9 0 ° C .   T h e  

c o m p o s i t i o n   had  a  t h e r m a l   d e g r a d a t i o n   r a t e   (KD  230)  o f  

0 . 0 1 2   w t % / m i n .  

The  r e s u l t s   of   C o n t r o l   E x a m p l e s   B ,C ,   and  D  a n d  

E x a m p l e s   2  to  7  show  t he   e f f e c t s   of  t h i s   i n v e n t i o n   i n  

i m p r o v i n g   t h e   t h e r m a l   s t a b i l i t y   of  r e d   c o l o r e d   a c e t a l  

c o p o l y m e r   c o m p o s i t i o n s   c o n t a i n i n g   a  r e d   p i g m e n t   f o r m u l a -  

t i o n .  

C o n t r o l   E x a m p l e   B 

The  p r o c e d u r e   of   C o n t r o l   E x a m p l e   A  was  r e p e a t e d  

e x c e p t   t h a t   0 . 7 9 4 1 1   wt .%  of   a  r e d   p i g m e n t   b l e n d   was  a l s o  

b l e n d e d   w i t h   t h e   a c e t a l   c o p o l y m e r   t o g e t h e r   w i t h   t he   o t h e r  

a d d i t i v e s .   The  p i g m e n t   b l e n d   c o n s i s t e d   of   0 . 6 7 7 2 5   w t . %  

of   a  r e d   azo  dye  p i g m e n t   ( C . I .   P i g m e n t   Red  6 0 ) , 0 . 0 8 7 8 3   w t .  

%  o f   c admium  s u l f i d e - c a d m i u m   s e l e n i d e   r e d   p i g m e n t   ( C . I .  

P i g m e n t   Red  1 0 8 ) ,   0 . 0 2 6 6 7   wt .%  of  a n o t h e r   azo   dye  r e d  

p i g m e n t   ( C . I .   P i g m e n t   Red  202)   and  0 . 0 0 2 3 6   wt .%  of  a  

c a r b o n   b l a c k   p i g m e n t   ( C . I .   P i g m e n t   B l a c k   7 ) .  

The  t h e r m a l   d e g r a d a t i o n   r a t e   (Kd  230)   of   t h i s  

c o m p o s i t i o n   was  0 . 1 0 6   w t % / m i n .  

E x a m p l e   2 

The  r e d   c o l o r 4 d   a c e t a l   c o p o l y m e r   c o m p o s i t i o n   o f  

C o n t r o l   E x a m p l e   B  was  d ry   b l e n d e d   and  r e - e x t r u d e d   w i t h  

0 . 1   w t .%  of   t he   c o p o l y m e r   s a l t   of   E x a m p l e   1.  The  r e s u l t i n g  

c o m p o s i t i o n   had  a  t h e r m a l   d e g r a d a t i o n   r a t e   (KD  230)  o f  

0 . 0 4 4   w t . % / m i n .  



E x a m p l e   3 

The  p r o c e d u r e   of   E x a m p l e   2  was  f o l l o w e d   u s i n g  

0 . 2   w t . %   of   t he   c o p o l y m e r   s a l t   of   E x a m p l e   1.  The  r e s u l t -  

i n g   c o m p o s i t i o n   had   a  t h e r m a l   d e g r a d a t i o n   r a t e   (Kd  2 3 0 )  

o f   0 . 0 4 5   w t % / m i n .  

E x a m p l e   4  

The  p r o c e d u r e   of   E x a m p l e   2  was  f o l l o w e d   u s i n g  

0 . 5   w t . %   of   t he   c o p o l y m e r   s a l t   of  E x a m p l e   1.'  The  t h e r m a l  

d e g r a d a t i o n   r a t e   (Kd  230)   of  t he   r e s u l t i n g   c o m p o s i t i o n   w a s  

0 . 0 1 4   w t . % / m i n .  

C o n t r o l   E x a m p l e   C 

A  d i f f e r e n t   b a t c h   of   a c e t a l   c o p o l y m e r   c o m p o s i -  

t i o n   was  p r e p a r e d   as  d e s c r i b e d   in   C o n t r o l   E x a m p l e   B.  T h e  

t h e r m a l   d e g r a d a t i o n   r a t e   (Kd  230)   of   t h i s   c o m p o s i t i o n   w a s  

0 . 0 5 4   w t . % / m i n .  

E x a m p l e   5 

The  c o m p o s i t i o n   of   C o n t r o l   E x a m p l e   C  was  d r y  
b l e n d e d   and  r e e x t r u d e d   w i t h   0 . 5   wt .%  of   t h e   c o p o l y m e r   s a l t  

o f   E x a m p l e   1.  The  r e s u l t i n g   c o m p o s i t i o n   had   a  t h e r m a l  

d e g r a d a t i o n   r a t e   (Kd  230)   of  0 . 0 1 2   w t . % / m i n .  

E x a m p l e   6 

The  p r o c e d u r e   of   E x a m p l e   5  was  f o l l o w e d   u s i n g  
2 . 5   w t . %   of   t h e   c o p o l y m e r   s a l t   of  E x a m p l e   1.  The  t h e r m a l  

d e g r a d a t i o n   r a t e   (Kd  230)   of  the   r e s u l t i n g   c o m p o s i t i o n   w a s  
0 . 0 1 2   w t % / m i n .  

C o n t r o l   E x a m p l e   D 

A  d i f f e r e n t   b a t c h   of  a c e t a l   c o p o l y m e r   c o m p o s i -  

t i o n   was  p r e p a r e d   as  d e s c r i b e d   in  C o n t r o l   E x a m p l e   B.  T h e  

t h e r m a l   d e g r a d a t i o n   r a t e   (Kd  230)  of   t h i s   c o m p o s i t i o n   w a s  

0 . 1 7 5   w t . % / m i n .  



E x a m p l e   7 

The  c o m p o s i t i o n   of  C o n t r o l   E x a m p l e   D  was  d r y  

b l e n d e d   and  r e - e x t r u d e d   w i t h   1 .0   w t .%  of   t he   c o p o l y m e r  

s a l t   of  E x a m p l e   1.  The  r e s u l t i n g   c o m p o s i t i o n   had  a  t h e r m a l  

d e g r a d a t i o n   r a t e   (Kd  230)  of  0 . 0 1 7   w t . % / m i n .  

C o n t r o l   E x a m p l e   E  and  E x a m p l e   8  show  t he   e f f e c t  

of   t h i s   i n v e n t i o n   in  i m p r o v i n g   the   t h e r m a l   s t a b i l i t y   of   a  

b l a c k   c o l o r e d   a c e t a l   p o l y m e r   c o m p o s i t i o n   c o n t a i n i n g   c a r b o n  

b l a c k .  

C o n t r o l   E x a m p l e   E 

A  b l a c k   a c e t a l   c o p o l y m e r   c o m p o s i t i o n   was  p r e -  

p a r e d   as  d e s c r i b e d   in   C o n t r o l   E x a m p l e   B  e x c e p t   t h a t ,   i n  

p l a c e   of  t he   r e d   p i g m e n t   f o r m u l a t i o n   t h e r e   d e s c r i b e d ,   2 

w t . %   of  a  c a r b o n   b l a c k   p i g m e n t   ( C . I . P i g m e n t   B l a c k   7)  w a s  

b l e n d e d   w i t h   t h e   a c e t a l   c o p o l y m e r   and  o t h e r   a d d i t i v e s .  

The  t h e r m a l   d e g r a d a t i o n   r a t e   (Kd  230)   of   t h e   c o m p o s i t i o n  

was  0 . 0 9 0   w t . % / m i n .  

E x a m p l e   8 

The  b l a c k - c o l o r e d   a c e t a l   c o p o l y m e r   c o m p o s i t i o n  

of   C o n t r o l   E x a m p l e   E  was  dry  b l e n d e d   and  r e - e x t r u d e d   w i t h  

a  0.5%  of  t he   c o p o l y m e r   s a l t   of  E x a m p l e   1.  The  r e s u l t i n g  

c o m p o s i t i o n   had   a  t h e r m a l   d e g r a d a t i o n   r a t e   (Kd  230)   o f  

0 . 0 1 8   w t . % / m i n .  

A  c o m p a r i s o n   of   t he   t h e r m a l   d e g r a d a t i o n   r a t e s  

of   the   p o l y m e r s   o f ,   r e s p e c t i v e l y ,   C o n t r o l   E x a m p l e   A  a n d  

E x a m p l e   1;  C o n t r o l   E x a m p l e   B  and  E x a m p l e s   2 ,3   and  4 ;  

C o n t r o l   E x a m p l e   C  and  E x a m p l e s   5  and  6;  C o n t r o l   E x a m p l e   D 

and  E x a m p l e   7;  and  C o n t r o l   E x a m p l e   E  and  E x a m p l e   8 , s h o w  

t h a t   the   a d d i t i o n   of   a  m i n o r   amoun t   of  c o p o l y m e r   s a l t   a s  

d e s c r i b e d   p r e v i o u s l y   to  an  a c e t a l   p o l y m e r   c o m p o s i t i o n  

s u b s t a n t i a l l y   i m p r o v e s   t he   t h e r m a l   s t a b i l i t y   of  t he   c o m p -  

o s i t i o n .  



1.  A  m o l d a b l e   c o m p o s i t i o n   c o m p r i s i n g   an  a c e t a l  

p o l y m e r   and  a  m i n o r   a m o u n t   of  an  i o n i c   s a l t   of  a  low  m o l e -  

c u l a r   w e i g h t   c o p o l y m e r   of  an  a l p h a - o l e f i n   and  an  a l p h a , b e t a  

e t h y l e n i c a l l y   u n s a t u r a t e d   a c i d .  

2.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   the   l o w  

m o l e c u l a r   w e i g h t   c o p o l y m e r   i s   a  c o p o l y m e r   of  e t h y l e n e   a n d  

a c r y l i c   a c i d   h a v i n g   an  a c i d   n u m b e r   of  40  to  1 6 0  . a n d   a  

n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   of  1000  to  1 5 0 0 0 .  

3.  The  c o m p o s i t i o n   of  c l a i m   1  or  2  w h e r e i n   t h e  

i o n i c   s a l t   i s   a  c a l c i u m   s a l t   of  the   low  m o l e c u l a r   w e i g h t  

c o p o l y m e r   in  w h i c h   15  to  60  p e r c e n t   of  t he   c a r b o x y l   g r o u p s  

a r e   n e u t r a l i z e d .  

4.  The  c o m p o s i t i o n   of   any  of   c l a i m s   1-3  w h e r e i n  

t h e   a c e t a l   p o l y m e r   i s   a  c o p o l y m e r   c o n t a i n i n g   f rom  85  t o  

99 .9%  o x y e t h y l e n e   u n i t s   in  t he   p o l y m e r   c h a i n .  

5.  The  c o m p o s i t i o n   of  any  of  c l a i m s   1-4  c o n -  

t a i n i n g   a  m i n o r   a m o u n t   of   a  p i g m e n t   c o l o r .  

6.  The  c o m p o s i t i o n   of  any  of  c l a i m s   1-7  c o n -  

t a i n i n g   a  p h e n o l i c   a n t i - o x i d a n t   and  an  a m i d i n e   s t a b i l i z e r .  
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